Abstract
Introduction
At present, the independent combat ability to adapt to the unstructured environment of Unmanned Aerial vehicle (UAV) is gradually being strengthened. When UAV encounters unforeseen threats or task changes, UAV must be able to automatically plan new trajectory online, and can track online.
From the perspective of the theory of differential geometry, in order to get a smooth flight trajectory, the first two derivative of the path is at least existed, that is, the curvature of the curve is continuous, the change of path's curvature is small, and the path is easy to track, which is the really flight path [1] . Literature [2] [3] [4] gives the path planning method online of aerial vehicle using the Pythagorean Hodograph (PH) curve, which is based on the position and direction of the UAV. Besides, the curvature of the curve can be calculated in closed form and can be calculated precisely.
Unmanned Aerial vehicles (UAVs) hold good promise for autonomously carrying out various operations in unstructured environment, which should have the ability of autonomous trajectory planning. In the process of obstacle avoidance, if the relative movement trend between the UAVs and the objects can be considered, then better effects of collision avoidance can be got. There have been many attempts to apply kinematic methods to solve the problem of collision detection. In paper [5, 6] , the notion of velocity collision cones(CC) is introduced for collision detection and the navigation laws are established based on differential geometry for obstacle avoidance. In this paper, according to the characteristics of PH curve, the principle of velocity collision is used, and the collision avoidance trajectory is generated.
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To fully use the PH trajectories performance that the curvature of the curve is continuous and precisely known, the location and crossing heading error equations were established within the Serret-Frenet coordinates.
To some extent, the traditional path tracking control methods, such as the dynamic inverse method [7, 8] , input or output feedback linearization method [9] and so on , are depends on the precise system model, and get some limits when these methods are used in UAVs that exist uncertainty. In this paper, backstepping is used to path tracking control. In order to overcome the external disturbance torque and parameter uncertainty of UAV's track control.
PH Trajectory Generation
Problem Presentation
Let the starting pose of the ith UAV is ( , , ) 
In this case Pythagorean Hodograph curve in parametric form subjected to the following constraints:
Where m a x  is the maximum curvature attainable by the UAVs.
2) The vehicles must keep safe distance to avoid inter collision while tracing their corresponding trajectories. This can be written in mathematical form as follow:
That is, the intersection of the safety circles of radius si R , sj R corresponding to ith and jth UAVs must be empty.
3) The vehicles must keep safe distance to avoid collisions with known obstacles while tracing their corresponding trajectories. This can be written in mathematical form as follow: 
Collision Avoidance Trajectories Generation Using PH Curve
Selecting appropriate 
Considering the numeric stability, PH curve can be give by Bézier curve. The curve is 
can be determinate.
From the generation of the PH trajectory, it can be seen that if the start and the final pose are known, the tangent length sf  , of the start and the end points can determine the UAV trajectory. The trajectory has continuous curvature. When the obstacle need be avoided, the interrupt point should be given. Through adjusting sf  , , the flyable trajectory that satisfy the performance constrains can be given.
Obstacle Avoidance Trajectory Generation Based on Velocity Obstacles Avoidance Method
When UAV detects the unknown moving threat or obstacle, it will replan the trajectory according to the velocity and the position of the obstacles. On the following, based on the If collision avoidance is needed, the position of the interrupt point Q of the trajectory should be given. At the same time, according to the movement direction of the obstacle determine the turn direction of the UAV velocity, which should be opposite to the obstacle velocity to avoid the second collision.
Suppose r is the detect distance of UAV sensors, 
After the velocity turn angle and the interrupt point coordinate are determined, the new trajectory can be generated between the obstacle detected point and the interrupt point. Then take the interrupt point as the initial point and the object or the next interrupt point as the final point, the next trajectory can also be generated. To keep the continuous of the trajectory, on the detect point and interrupt point, the direction of the tangent line keep unchanged.
Establishment of Path Tracking Control Model
Given the UAV target path () s  , the method of tracking the target path in the horizontal plane is studied. Firstly, three coordinate systems needed to establish, that is, the inertial coordinate system E    
UAV Coordinate Systems
The origin of the inertial coordinate system is a point of space, and the origin of the body coordinate system is the center of gravity of UAV, and the origin of the S e r r e t F r e n e t  coordinate system is any point on the target path, which axis is composed of the tangential axis, the normal axis, and the secondary normal axis. In the inertial coordinate system, the center of gravity of UAV can be defined as . When the distance vector of UAV's center of gravity to the virtual target's center of gravity is projected to the S e r r e t F r e n e t  coordinate system, kinematics equation of the tracking error can be get. 
Tracking Control Based on Backstepping
Firstly, define the expected value of attitude angle error is 
We get 
Simulation Results
Suppose the start pose . UAV collision avoidance trajectory is generated, which is shown in Figure 3 . When tracking the trajectory using backstepping, taking control parameters 
Conclusion
Pythagorean Hodograph (PH) curve is used to plan the UAV trajectory, which is flyable and satisfy that satisfy the kinematics and dynamics constrains. Based on the principle of velocity collision avoidance, the safe trajectory is replaned. To fully use the performance of PH curve with precise and continuous curvature, the location and crossing heading error equations were established within the Serret-Frenet coordinates. Backstepping control is used to complete the trajectory tracking to overcome the external disturbance torque and parameter uncertainty. Simulation results show that the proposed trajectory generation method and the corresponding adaptive tracking control method are effective and can improve the tracking accuracy.
